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O ■ Abstract 

^ | In the context of the gauge-string correspondence, we discuss the 

O ■ spontaneous partial breaking of supersymmetry. Starting from the 

<D . orbifold of S 5 , supersymmetry breaking leads us to consider the (re- 

solved) conifold background and some of the gauge dynamics encoded 
in that geometry. Using this gravity dual, we compute the low energy 
^ . effective superpotential for such M = 1 theories. We are naturally led 



^ \ to extend the Veneziano-Yankielowicz one: glueball fields appear. 
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1 Introduction 

Even if the most celebrated example of the gauge/string correspondence is 
the M = 4 AdS-CFT duality [1] (see [2] for a review), many interesting results 
have been also found for less (super)-symmetric theories (see [HI [4] for some 
extensive reviews). 

For the case of Af = 1 super Yang-Mills theories in four dimensions (i.e. 
4 real supercharges) the relevant background geometry is a warped prod- 
uct of four-dimensional Minkowski space times the conifold, in presence of 
background fluxes. There are two known explicit supergravity solutions cor- 
responding to this case, the MN solution [5] and the KS one [6]. Both the 
solutions preserve the same amount of supersymmetry but they correspond 
to two different dual gauge theories, at least in the ultraviolet. It seems also 
that, despite describing similar infrared dynamics, they correspond to two 
different universality classes of confining theories. It is then important to 
understand how duality works case by case. 

In this talk we make contact with a nice and fruitful way of looking at this 
duality. Such perspective has been introduced in [7] for the topological string. 
There, it has been shown that in topological string theory the deformed 
conifold background, with N 3-brane wrapped on S 3 (equivalent to the S 3 
Chern-Simon theory [8]), is dual to the same topological string but without 
string modes and on a different background. The new background is the 
resolved conifold, whose parameters depend now on N. Such gauge/geometry 
correspondence has been successfully embedded in superstring theory in [9]. 
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The central idea is the concept of geometric transition. The field theory 
has to be engineered via -D-branes wrapped over certain cycles of a non- 
trivial Calabi-Yau geometry. The low energy dual arises from a geometric 
transition of the Calabi-Yau, where the branes have disappeared and have 
been replaced by fluxes. The simplest example [9l [10] is pure Af = 1 super 
Yang-Mills theory. Before the transition the field theory is engineered on N 
D5 branes wrapped on the blown-up S 2 of a resolved conifold. After the 
transition we are instead left with N units of R-R flux through the S 3 of a 
deformed conifold [6]. 

Another way to make contact with the M = 1 conifold theory is to start 
from a more supersymmetric theory, namely a quiver M = 2 field theory [llj. 
In that case one starts from the orbifold background S 5 /Z 2 , that is dual to 
the Af = 2 super-conformal Yang-Mills U(N) x U(N) theory with hyper- 
multiplets transforming in (N,N) © (N,N). From an Af = 1 perspective, 
the hypermultiplets correspond to chiral multiplets and other chiral multi- 
plets in the adjoint representations of the two U(N)'s are present. There 
is also a non-trivial superpotential for the multiplets in the bi-fundamental 
representations of the gauge group. One can add now a relevant term to this 
superpotential. To integrate out the adjoint multiplets in presence of this rel- 
evant perturbation corresponds to blow up the orbifold singularity of S 5 /Z 2 
[TT] . Remarkably, in [UJ it has also been shown that such blown-up space is 
topologically equivalent to the coset space T 1 ' 1 , the base of the conifold. 

We will describe the flow to the conifold theory in a different way [12], 
hoping to contribute to clarify some of its intricate aspects. We start from 
the Af = 2 superconformal Yang-Mills theory. When conformal invariance 
is broken introducing fractional branes, we find how partial supersymme- 
try breaking can be described on the supergravity side. Within this purely 
ten dimensional superstring context, we see then how the resolved conifold 
background emerges naturally as the proper one to engineer Af = 1 super- 
Yang-Mills theory, with no matter and just one gauge group. We follow all 
the steps in terms of explicit supergravity solutions. 

Having eventually at our disposal a proper gravitational dual description 
of pure Af = 1 super- Yang-Mills theory, many results can be obtained for the 
latter. Some of them are checks of previously known field theoretical compu- 
tations. Others are new predictions. The interplay between gauge theory and 
gravity has indeed a quite rich structure. Among many, we will describe one 
of the possible applications. We will see how the dual gravitational descrip- 
tion can be used to determine the low energy effective superpotential of the 
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field theory under consideration, namely the Veneziano-Yankielowicz p3] su- 
perpotentiaf!]. The same gravitational description seems also to suggest that 
other degrees of freedom, with the same quantum number of a glueball, are 
relevant at low energy. We finally determine the form of the generalized 
Veneziano-Yankielowicz superpotential, with the inclusion of such glueball 
states [H]. Some physical implications are discussed. 



2 Partial supersymmetry breaking and a new 
path to the conifold 

We start from the simplest generalization of the original AdS/CFT correspon- 
dence, namely we will consider the case in which the internal manifold is not 
simply S 5 , but the orbifold S 5 /Z 2 [17]. As discussed in the introduction, 
the dual gauge theory is N = 2 super-conformal Yang-Mills U (N) x U (N) 
theory with hypermultiplets transforming in (N,N) © (N,N). As for the 
original M = 4 case, on the string side we know the explicit supergravity 
solution connecting the UV geometry (the relevant one for the engineering 
of the gauge theory) and the IR one. If we parameterize the six dimensional 
transverse space, (i.e. the cone over S 5 /Z 2 ), in terms of the coordinates 

X 4 = v sin £ cos t (1) 
X 5 = rsin£sinr (2) 

Xq = r cos 4 cos -cos — - — (6) 
9 p + 9 

X 7 = r cos £ cos - sin — - — (4) 
9 (3-9 

X$ = r cos £ sin - cos — - — (5) 
y c . 9 . (3-9 

Ag = r cos £ sin — sin — - — , (6) 

the right prescription for the orbifolding is0</9<27r,0<£ < 7r, < 9 < n 
and < r < 2ir. It is easy to see the Z 2 acts just on the coordinates 



1 In presence of flavors, also the Affleck-Dine-Seiberg [14] superpotential can be derived 
in an analogous way [H] 
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X 6 , X-r, Xg, Xg. The metric of the solitonic solution we are discussing is: 



ds 2 = HirY^dxlz + H{rf/ 2 (dr 2 + r 2 ( cos 2 ^ a 2 + sin 2 £dr 2 + d? 

V i=i 



(7) 



where the cr, are defined as 



2a i = — sin [3d6 + cos j3 sin #<i0, (8) 
2a 2 = cos /3<i# + sin (3 sin #<i0, (9) 
2a 3 = d/3 + cos Oty (10) 

and they satisfy d&i = Sijk^j A a^. The explicit expression for H(r) is: 

if(r) = 1 + ^- (11) 

We see that for r — > oo we recover the UV geometry Mi >3 times the cone 
over S 5 /Z 2 , while for small r the dual AgLSs x S 5 /Z 2 geometry is found. The 
AdS factor implies the dual gauge theory is conformal. It is well known that 
in orbifold spaces a way to break conformal invariance is to add fractional 
branes. Such branes are charged under the twisted fields that appear in the 
orbifold spectrum. As we want to break conformal invariance, we try now 
to switch on the proper twisted fields (the ones that couple to fractional 
D3-branes in such background). We start perturbing the same UV geometry 
and we hope to be able to find a new solution. 

Before doing this, we make the following change of coordinates in the six 
dimensional transverse space: 



y^Tll 2 , tan£ = |. (12) 



R 

We see that the metric on the cone over S 5 /Z 2 becomes 

3 

ds'l = dR 2 + R 2 J2 a i + dp 2 + p 2 dr 2 . (13) 



8=1 



It is thus easy to see that this space factorizes in the product of a four- 
dimensional ALE space (C 2 /Z 2 , i.e. the cone over S 3 /Z 2 , parameterized by 
R, (3, 9 and and a two dimensional plane (M 2 , parameterized by p and 
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r). In this way we recover the isomorphism between the cone over S 5 /Z2 
and the orbifold space R 2 x C 2 /Z 2 . This isomorphism makes all the picture 
consistent. The field theory on the -D3-branes is indeed engineered on the 
latter orbifold [T8] . 

We can now disregard the bulk D3-branes originating the metric ([Z]) and 
try to find an analogous solution just for the fractional branes. This has 
been done explicitely in pjj] for the orbifold M 2 x and we can borrow 

their results. They describe a stack of N fractional D3-branes in the IIB 
orbifold background (IR 1 ' 5 x C 2 /Z 2 ) [HI EE]. On their world volume a Af = 2 
supersymmetric SU(N) Yang-Mills theory lives. 

The solution can be written in terms of the metric, a R-R four form 
potential (C 4 ), a NS-NS twisted scalar (b) and a R-R twisted one (c): 

ds 2 = H{r,p)- 1/2 7] aP dx a dx p + H(r, p) 1/2 5 ij dx i dx j , 
C A = (Hfap)- 1 - 1) dx° A ... A dx 3 , (14) 

c = NK r , b = NKlog - , 

e 

where a, (3 = 0, . . . , 3; i,j = 4, . . . , 9; r = y^x^x^; K = 4Trg s a'; e is a 
regulator; p and r are polar coordinates in the plane x 4 , x 5 . The self-duality 
constraint on the R-R five-form field strength has to be imposed by hand. 

The precise functional form of the function H(r, p) has also been deter- 
mined [19] but it is not relevant for our purposes. It is enough for us to 
note that the spacetime (TT41) has a naked singularity. We are thus not able 
to follow our program completely and we are prevented to find the dual ge- 
ometry in the deep IR. This is a quite general feature of those gravitational 
backgrounds that are dual to non-conformal gauge theories. Luckily, in many 
cases the singularities are not actually present but they are removed by var- 
ious mechanisms. In theories M = 2 supersymmetric, like this one or the 
similar "wrapped branes" example |22| . the relevant mechanism is the en- 
hangon [23]. It removes a family of time-like singularities by forming a shell 
of (massless) branes on which the exterior geometry terminates. As a result, 
the interior singularities are "excised" and the spacetime becomes acceptable, 
even if the geometry inside the shell has still to be determined. For the case 
at hand, the appearance of such shell, its field-theoretic interpretation and 
its consistency at the supergravity level have been discussed in [i~9 l [2T L [24]. 

2 see [20] for more general orbifolds 
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It turns out that the enhangon shell is simply a ring in the (p, r)-plane. Its 
radius is 

p e = e e ~^ 2N9s \ (15) 

The geometry ( JT4l) is thus valid outside the enhangon shell, i. e. for p > p e . 
On the gauge theory side the enhangon locus corresponds to the locus where 
the Yang-Mills coupling constant diverges [T9l l2l]. 

2.1 Probe analysis 

To understand better what is going on we can perform a probe analysis^ 
in terms of the fields appearing in (fT4l) |12| . We should thus consider the 
following boundary action 

S bdy = ~^=j— j d 4 x^-det G a/3 + 2na'F aP (l + (16) 

+ * [cJl + ^t) + -^-± [cFAF. 
V2k orh J V 27r 2 a' ; ^2k orb 2 J 

where T 3 = k or b = (2n) 7/ g s a' 2 and we have also included the world- 
volume vector fields fluctuations. As usual, the coordinates x a = 2na'^ a are 
identified with the chiral scalar fields of the Yang-Mills theory living on the 
world-volume of the brane. Writing now the boundary action (fT6l ) in terms 
of the classical solution (fT4l ). we get: 

s Probe = --^y^x^^^^da^+^F^y a?) 

We note that a non trivial potential is generated, namely: 

^-,{ i+ ^ M -y w^ ty2 <i8) 

where we have defined ry = tyi + ity2 = + as the holographic com- 
plexified Yang-Mills coupling [26] : 



t y = = ( c + i ( 2ttV + b ) ) . (19) 



(2nVa') 2 g s 



3 for a review of this method see, for example, [25] 
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This computation shows that this system violates the no-force condition. 
This could seem quite surprising as the configuration is still Af = 2 super- 
symmetric and usually the no-force condition is respected with such amount 
of supersymmetry (on the field theory side such condition reflects the flatness 
of the Coulomb branch). Nevertheless, at least from a purely field theoretical 
point of view, we know that such flatness can be violated by electric-magnetic 
Fayet-Iliopoulos terms [27], that preserve N = 2 supersymmetry but generate 
a non-trivial potential: 

V = + mT|2 + g , (20) 

where e, m and £ are free parameters. Luckily, it turns out the potential 
(ITBl) is just a specific case of (1201 ). namely with 



mOy 2 1 

e = 2^r ' e = and m = (21) 

We see in this way that the violation of the no-force condition does not 
contradict supersymmetry, but it corresponds to the generation of a purely 
magnetic FI term. We call it purely magnetic because a dyon with quantum 
numbers (e, m) has an effective electric charge equal to e + ^ [28] and with 
the values in (I2T1) it vanishes identically. Such values ensure also that the 
probe-brane is in a proper vacuum in the f direction, but for generic values 
of p it is not and it moves toward p = p e . This situation holographically 
corresponds to vacua preserving all the supersymmetries but signaling a sin- 
gularity. This continues to be in perfect agreement with the gravity picture 
we just got: the probe-brane is pushed to the enhangon and there stays. 
From the gauge theory it is moreover possible to argue [27] at that point of 
the moduli space extra massless states appear (i.e. monopoles) and to give a 
physical interpretation of the singularity. On the gravity side it corresponds 
to the well known fact that at the enhangon extra massless objects appear 
[23] and it enforces the interpretation of the enhangon locus as the field the- 
oretic curve of marginal stability [12J (we mean the curve in moduli space 
where extra massless objects, typically dyons, appear |29|). 

2.2 Away from the orbifold limit 

We are now going to soften the orbifold singularity and consider the resulting 
(smooth) Eguchi-Hanson space [30]. We generalize the probe analysis that 
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we have done in the orbifold and find partial supersymmetry breaking. We 
are then led to consider Af = 1 supersymmetric Yang-Mills theory and the 
resolved conifold geometry [31 

The dual field theory analysis of the previous section has been entirely 
performed in an orbifold background and we have found purely magnetic FI 
terms. It is well known [H] that a way to introduce standard (i.e. electric) 
FI terms is via the blow up of the orbifold singularity. In such case the 
resulting space is no longer an orbifold but it is a (smooth) Eguchi-Hanson 
(EH) space [30]. This is an ALE space. It is characterized by three moduli 
that correspond to three different ways of blowing-up the relevant two cycle 
when going away from the orbifold limit (via the triplet of massless NS-NS 
twisted scalars). Analogously to the field theory description of M = 2 FI 
terms, it is possible to use the global SU(2) R symmetry and to reduce to the 
case of just one modulus. The one-parameter family of metrics we get in this 
way can be written as: 

ds% H = (l - (^) 4 ) _1 ^ + r 2 (l - al + r 2 (af + a 2 ), (22) 

where a < r < oo, a 2 is proportional to the size of the blown-up cycle, the 
<Tj are defined in terms of the S 3 Euler angles (9, <p, (3) as in @. 

The solution corresponding to fractional branes in the Eguchi-Hanson 
background has been found in [33] and it is very similar to the orbifold one. 
It can be written in terms of a metric 

ds 2 = H(r,p)- 1/2 r] a pdx a dxP + H(r, p) 1/2 (dp 2 + p 2 dr 2 ) + H(r, p) 1/2 ds 2 EHl 

(23) 

a self dual R-R five-form 

F 5 = d (H(r, pY 1 dx°A...A dx 3 ) + *d (H(r, p)^ 1 dx° A ... A dx 3 ) , (24) 

and a complex three form (a linear combination of the NS-NS one and the 
R-R one) valued only in the transverse space: 

n = F» s + iFK = dj(p,r)Au;, (25) 

where j(p,r) is an analytic function on the transverse M 2 , to is the har- 
monic anti-self-dual form on the Eguchi-Hanson space and r is now the radial 
Eguchi-Hanson coordinate. 

4 see also [32] for a way to embed the non-supersymmetric solution of [31] in a super- 
symmetric set-up 
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Even if the microscopic interpretation of this solution is quite obscure [33], 
we assume that it corresponds to the standard geometrical interpretation of 
fractional -D3-branes as -D5-branes wrapped on the non-trivial cycle that 
shrinks to zero size in the orbifold limit [34]. The form of the solution is 
indeed consistent with the interpretation of twisted fields as fields coming 
from wrapping of higher degree forms [34] , as it was already confirmed in [35] 
by explicit computations of string scattering amplitudes. The main difference 
with respect to the orbifold solution is the explicit functional form of the 
warp factor H(r,p), whose physical implication is that there is still a naked 
singularity screened by an enhangon mechanism, but contrary to the orbifold 
case, in the internal directions (those along the ALE space) the singularity 
is cured by the blowing-up of the cycle and there is no enhangon there [33] . 

Unluckily, the Eguchi-Hanson background lacks of a conformal field the- 
ory description. This makes it difficult to determine the correct form of the 
boundary actions one would need to get gauge theory information. It looks 
nevertheless quite reasonable to assume the proper boundary action is the 
same as the orbifold one with the inclusion of the new FI term corresponding 
to having blown up the cycle. This can be motivated by the knowledge of 
the explicit solution in the Eguchi-Hanson case, that makes it clear the close 
similarity to its orbifold limit. Besides, this is very analogous in spirit to the 
successful assumption made in [36] . The potential the brane fills will be thus 
the same we computed in the orbifold (we refer to the magnetic case (TTSl)) 
but now with an extra term corresponding to have £ ^ and proportional 
to the size of the blown-up cycle (a 2 ): 



We see again that the no-force condition is violated but now there is an 
interesting minimum where the probe-brane can sit, i.e. at 



where the enhangon radius p e has been defined in (fl~5]) . As p* > p e , p = p* 
defines a regular space-time locus. From the field theory analysis [27] we know 
this kind of vacuum preserves just half of the supersymmetry. This implies 
that [12] the gauge theory living on the probe is Af = 1 supersymmetric with 
a massless vector multiplet and a massive chiral one, with mass M given by: 



V(*) 



2 , S 

m r 2 H 

T 2 



(26) 



jlA. 

p e e Nm , 



(27) 



M 




(28) 
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From the supergravity point of view we have again a solution with bulk 
Af = 2 supersymmetry (as shown in [33]) but the embedding of the brane 
probe seems to break half of it. It would be interesting to see this purely in a 
stringy context by making a proper K-supersymmetry study of this geometry. 
However, our field theory analysis already shows that the geometry seen by 
the probe-brane is locally Af = 1 supersymmetric. 

A careful analysis actually shows [32] the geometry the probe-brane sees 
is locally the same as the "near horizon" of the resolved conifold one. It is not 
surprising we find the resolved conifold geometry appearing here: it is indeed 
known the resolved conifold geometry is the proper one to engineer Af = 1 
pure supersymmetric Yang-Mills theory in the type IIB set-up [9]. In this 
talk we are just following this engineering entirely in terms of supergravity 
solutions and we clearly see its relation with the parent Af = 2 orbifold 
theory. A non-trivial information we immediately gain (with the help of the 
field theory analysis and particularly thanks to the formula (l28l )) is that the 
size of the blown-up two-cycle is directly related to the inverse mass of the 
chiral multiplet. 

The assumption about the microscopic interpretation of the probe as 
wrapped _D5-branes cannot be proven here, but, as we will see, it makes all 
the picture consistent. Under this assumption, we have learned that, if a D5- 
brane is wrapped on the non-trivial two-cycle of a resolved conifold, close to 
the apex of such cone the gauge theory living on its world- volume is Af = 1 
supersymmetric. The embedding of N branes in such background will then 
give rise to Af = 1 supersymmetric U(N) Yang-Mills theory. The fact we 
reach such conclusion via a probe analysis means that we are studying open 
strings (and then branes) in the given background. This matches perfectly 
with the picture of geometric transition we discussed in the introduction: 
being talking of open strings and branes, we are before the transition and 
accordingly the background is the resolved conifold! 

To get pure Af = 1 super- Yang-Mills, we take the zero size limit of the 
blown-up cycle. In this way the chiral adjoint field acquires infinite mass 
(see eq. ( 1281) ) and it is decoupled. The relevant geometry is now the conifold 
one. This geometry is still singular [37] and according to equation (1271) the 
brane will tend to go to the enhangon locus. Consistently, it has been shown 
that at least from a supergravity point of view the enhangon is a consistent 
mechanism also in the conifold case [24] - From (9j [6], we know how the 
story goes on, but we briefly review it here following the perspective we 
have just developed. In principle there are two ways now to de-singularize 
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the geometry (or we could also say to determine the geometry inside the 
enhangon shell): the S 2 or the S 3 can be blown-up. As we don't want to 
go back to the original case, the only remaining possibility is to look for 
a consistent deformed conifold solution. From [6] we know this is indeed 
the right thing to do: the deformed conifold is a non-singular solution and 
its geometry is the proper one to describe the infrared M = 1 Yang-Mills 
dynamics. 

3 Effective superpotentials from supergravity 

In this section we briefly review the derivation of gauge theory superpotentials 
from proper gravitational duals. 

The best way to do it is to follow the picture of geometric transition [9l[pQ] 
we described in the introduction. In this set-up, from the knowledge of the 
geometry after the transition and the map between the original microscopic 
field theoretical degrees of freedom and the new geometrical data, it is indeed 
possible to determine the effective gauge theory superpotential. We now 
briefly see how it does work for the J\f = 1 conifold geometry. Quite generally, 
it is possible to write the supergravity solution in terms of a superpotential 
[38] . namely: 




where G3 = F 3 + tH 3 , t = Co + ze~* and Q is the holomorphic (3, 0) form 
of the Calabi-Yau (our conifold). A and B are proper 3-cycles (A is the 
compact one, while B is non compact). 

To translate this superpotential in a field theory one, we need a map 
relating geometric quantities to gauge parameters. According to the pro- 
posal in [TO], based on the topological string in the way we sketched in the 
introduction, this map is: 





(29) 




(30) 



where 



S 



1 



TrW 2 



1 



X a X a + ... 



(31) 



167T 



2 



327T 2 
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Following this proposal, it is now possible to determine the effective gauge 
theory superpotential [10]. It turns out to be: 



Wy.vXS, Ao, g 2 YM ) =NS[hx TS + — ^- - 1 (32) 

V A o 9ym J 

where constant terms and subleading powers of A (the ultra-violet cut-off at 
which gyu is evaluated) have been neglected. From the knowledge of the one 
loop /^-function it is easy to see this is precisely the Veneziano-Yankielowicz 
superpotential [13j. 



3.1 An extension of the Veneziano-Yankielowicz super- 
potential 

As it has been pointed out in [4j, it is also possible to find relations similar 
to (1301 from supergravity alone and some basic geometric considerations. In 
that case the formula concerning the fluxes in (1301 can be written as: 

[ F 3 = N, [ F 3 = 0, [ H 3 = -4^, / H 3 = 0, (33) 
J a Jb Jb 9ym J a 

where for simplicity we are considering the Qym — sector of the field theory. 
Of course the two formulas (1301 and ( |33l are completely equivalent in the 
case considered here, being (t) = i. The next step we want to do is to 
determine the form of the gauge-theory superpotential when going off-shell 
for the r-field, namely if we try to include its oscillations (r = (r) + i S). 
To this aim, formulas (|33l are needed and we easily get: 

W. ff{S ,S)=NS^ + ^-S-l) (34) 

where we have already used the one-loop /3-function to relate A , gyu and 
A. 

Now we would like to interpret the new modulus 5 from the gauge theory 
point of view. This turns out to be very easy as the shift of the dilaton field 
is known to be related to the glueball field ++ [HU SO]. This fact has been 
used in [41] to compute the ++ mass. The RR scalar is instead related to 
the glueball + ~. Thus all in all, the complex field 5 is related to the complex 
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glueball field. Even if we don't know the precise formula of such a relation, 
we can generically write: 

^ = fix) (35) 
9ym 

where x is now the glueball superfield and f(x) is an undetermined function 
of it. We get finally for the gauge theory superpotential the expression: 

W(S, x) = NS (in ^ - l) + Sf( X ) (36) 

It is quite amazing that this superpotential is the same as the extended 
Veneziano-Yankielowicz superpotential determined in [16]. Also there the 
new x degrees of freedom were interpreted as glueball superfield. A crucial 
difference between the two approaches (the one presented here and the one in 
pT6] ) is that the supergravity solution we consider here already sits at a precise 
vacuum of the gaugino condensate composite superfield and consequently 
the superpotential one can extract has also just one minimum and does not 
reproduce the complete vacuum structure of the model. This is why in this 
case we get f({x)) — instead of the more general result f((x)) — 2nik as 
in [16]. The inclusion of this degree of freedom could help also in finding a 
proper dual description of domain walls, as it has been suggested in [42] for 
the field theory. 

However, we have just seen that the gauge/gravity correspondence sug- 
gests an extension of the Veneziano-Yankielowicz superpotential so to include 
also glueball degrees of freedom. The general form of such extended superpo- 
tential is (1361) . with f(x) an holomorphic function of X- The determination 
of the function f(x) would now shed light on the super Yang-Mills infrared 
properties. In [16] it has been shown that various arguments point to the 
same function: 

f( x )=N\n[-e^\n X N ] . (37) 

This function passes a number of consistency checks [16J: i) the Veneziano- 
Yankielowicz superpotential is recovered when the glueball superfield is in- 
tegrated out. Besides this procedure naturally leads to the N independent 
vacua of the theory, ii) Non supersymmetric gluodynamics is better ap- 
proached when giving a mass to the gluino. The theory leads to a potential 
which resembles the ordinary glueball effective potential for the Yang-Mills 
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theory, iii) A reasonable integrating in method leads to the same function. 
Besides, in [43] such extended superpotential has been used to compute the 
mass spectrum of the lightest states of Af = 1 super Yang-Mills. It has been 
concluded that the lightest state is the gluinoball field and it has a small 
mixing with the glueball state. 

4 Conclusions 

In this talk we have described how partial supersymmetry breaking can be 
obtained in the context of the gauge/string correspondence. This has been 
reached studying the low energy dynamics of open strings in given back- 
grounds. The tool we used to perform such study is the probe-analysis. We 
have seen in this way that a potential, due to the internal flux, is gener- 
ated in the Af = 2 orbifold. This potential drives the probe-brane to the 
enhangon locus. Instead, when the orbifold singularity is softened to the 
smooth Eguchi-Hanson space, the resulting potential drives the probe-brane 
to regular space-time points, (i.e. outside the enhangon shell). We have found 
that at those points (corresponding to minima of the potential) partial su- 
persymmetry breaking does occur. We have further analyzed the geometry 
seen by the probe-brane close to those minima and we have found it is the 
resolved conifold one, in the vicinity of the blown-up two-cycle. We have 
finally showed that shrinking the two-cycle to zero size corresponds, on the 
field theory side, to decouple the adjoint chiral scalar and thus to get pure 
Af = 1 super- Yang-Mills. 

We have then used the gravitational background dual to such theory 
to determine the low energy effective superpotential. Besides the standard 
Veneziano-Yankielowicz result we have seen that glueball can indeed be in- 
cluded in this picture. We have then discussed the physical implications of 
the inclusion of this new degree of freedom at low energy. We have found it 
is heavier than the gluinoball. 
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